This article proposes a method for the measurement of Phase Noise (PN) and Amplitude Noise (AN) of Digital-to-Analog Converters and Direct Digital Synthesizers. The main virtues of our method are (1) owing to RF amplification of the noise sidebands, the noise specs of the PN analyzer are relaxed by a factor of at least 20 dB, with respect to the noise of the device under test, and (2) the capability to measure AN using a phase noise analyzer, with no need for the analyzer to feature AN measurements. An obvious variant enables the same measurements using only an AN analyzer (i.e., a powerdetector diode followed by a FFT analyzer), with no need for PN measurement capability. Exploiting the device-under-test's internal amplitude and phase control, there is no need for external line stretcher and variable attenuators. In one case (AD9144), we observed a flicker PN on 8 decades of frequency, with a discrepancy within ±1 dB with respect to the exact 1/f slope over 7 decades.
I. INTRODUCTION
As a matter of fact, in virtually all domains of RF technology there is a major effort to replace traditional RF circuits with digital electronics. Because input and output remain analog, the noise at the interface between analog and digital is a limiting factor. In this context, we focus on the amplitude noise (AN) and on the phase noise (PN) of Digital-to-Analog Converters (DAC) and Direct Digital Synthesizers (DDS). This is crucial in all domains relying on the availability of spectrally pure sinusoidal signals.
Going through numerous data sheets of DACs and DDSs, we see that PN is generally documented only through examples. There is no scaling rule to predict the PN at different amplitude and frequency, and it often difficult to divide the device's PN from the contribution of the reference oscillator and of the phase noise analyzer. Furthermore, we have never seen the AN documented in DAC and DDS data sheets.
Interestingly, modern high-speed telecom-oriented DACs have an internal NCO, which makes them very similar to the DDS. Thus we refer to the DAC, implying that same measurements can be also done on a DDS.
Our method derives from [1] , with the addition of a RF amplifier to amplify the noise sidebands after attenuating or suppressing the carrier. However, instead of seeking for the maximum carrier rejection as in [2] , [3] , we leave a controlled amount of carrier, as proposed in [4] . Depending on the phase relationships between input carrier and residual carrier, there results AN and PN amplification, or AN/PN and PN/AN conversion and amplification. The output signal is suitable to the measurement with all-digital PN analyzers [5] , [6] , or with a simple amplitude-noise measurement scheme [7] .
II. METHOD
This article proposes a method to measure AN and PN of DACs using a phase noise analyzer, with no need for the analyzer to feature AN measurement. The method is shown on Fig. 1 .
Let V 1 = V 0 e α1+jϕ1 and V 2 = V 0 e α2+jϕ2 the two DAC outputs in complex-vector notation. First, we adjust the phases of the two DACs for the outputs to be equal and opposite, but for a small amplitude factor ±η/2. The signals at the output of the coupler are It can be proved that, for small α 1 , α 2 , ϕ 1 , ϕ 2 and η, the power spectral density S ψ (f ) of the phase fluctuation ψ at the ∆ output, versus the Σ output taken as the reference, is
Similarly, setting the two signals equal and opposite, but for a small angle θ, so that the residual carrier is in quadrature with the inputs
for small α 1 , α 2 , ϕ 1 , ϕ 2 and θ, it holds that
PN amplification (AN-to-PN conversion and amplification) is inherent in the method. It relaxes the noise specs of the PN analyzer by a factor of 1/η (or 1/θ), which is of 20-30 dB, with respect to the noise of the device under test.
III. EXPERIMENTS AND RESULTS
Using the scheme of Figure 1 , we compare two sections of an AD9144, each consisting of a NCO and a DAC (two unused DACs remain, one per NCO). To this extent, the experiment is equivalent to comparing two independent DDSs. The 'Computer & FPGA' block is a ZC706 board, which sends data via a JESD204B interface. The speed is needed only for the amplitude, phase and frequency are static and set once. The phase-noise analyzer is a Microsemi 5125A.
The DAC output is +2 dBm at 125 MHz, sampled at 1 GSa/s. Each DAC is followed by a 250 MHz low pass filter. The directional coupler is based on a transformer network, like most off similar devices in the HF-VHF bands.
The amplifier has a gain of 40 dB, a noise figure of about 3 dB, and a bandwidth of 1.5 GHz. We set the two outputs as described, with a carrier suppression of 30 dB. Values between 20 dB and 40 dB give the same results, but require to change the amplifier gain in order to match the 5125A's input range. Figure 2 shows the results. The flicker phase noise is of −104 dBrad 2 /Hz extrapolated to 1 Hz, fitting the 1/f model from 1 Hz to 2 kHz. The flicker amplitude noise is of −110 dBrad 2 /Hz extrapolated to 1 Hz, fitting the 1/f model from 1 Hz to 10 kHz. All values are for two converters, thus the noise contribution of each DAC is 3 dB lower. There is a possible interaction between AM and PM noise in the region between 10 kHz and 1 MHz, under investigation. The white noise floor is not clearly visble on Fig. 2 , but we can infer a value close to −160 dB1/Hz for both AM and PM.
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